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© Display control apparatus. 

© A display control apparatus is disclosed which 
includes window management circuits (WNDi) having 
a plurality of area setting registers (SA,, TSA i , PA|) 
for setting induvidually a plurality of windoy display 
areas on a display surface, and judging sequentially 
for each window whether or not a display position on 
the display surface is contained in the area des- 
ignated by the register, and a window display priority 
designation circuit (14) having a plurality of priority 
setting registers (PRG) for setting display priority of 
each window, and judging the window having higher 
priority among those which are judged as containing 
the display position on the basis of the content of 
^the priority setting register and the result of judge- 
^ ment of the window management circuit. 
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DISPLAY CONTROL APPARATUS 



BACKGROUND OF THE INVENTION 

This invention relates to a display control tech- 
nique and a technique which is particularly effec- 
tive when applied to a multi-window control system 
such as a technique which is effective when uti- 
lized for a display control apparatus such as a 
graphic controller, for example. 

In conventional graphic display, systems, a 
software window system and a hardware window 
system have been proposed as a multi-window 
control system for displaying a plurality of windows 
on a display surface. 

Among them, the hardware window system is 
accomplished by furnishing a display controller LSI 
with a multi-window control function. In the software 
window system, on the other hand, a software 
executes a function called "bit block transfer" 
which transfers data of a rectangular region inside 
a frame buffer for the purpose of multi-window 
display. (As to multi-window control, refer to 
"Nikkei Electronics", published by Nikkei McGraw 
Hill Co.. July I4 t I986, No. 399. pp. 115 - 132). 

In the conventional multi-window control sys- 
tems, the hardware system has a higher display 
speed but its display freedom is lower because the 
priority sequence of windows is fixed. On the other 
hand, the software system has high freedom of 
display surface such as a greater number of win- 
dows but involves the problem that the display 
speed is extremely low for the following reason. In 
the software system, data that constitute a base 
picture and a window picture are stored in pre- 
determined areas of a bit map memory, respec- 
tively, and then the display surface area must be 
rewritten through data block transfer by transferring 
the data constituting the window picture to the base 
surface area and superposing them together. 

SUMMARY OF THE INVENTION 



Namely, there are disposed window manage- 
ment circuits which include a plurality of area set- 
ting registers for individually setting a plurality of 
window display areas on a display surface and 
s judge sequentially for each of the windows whether 
or not the display position on the display surface is 
contained in the area designated by the registers, 
and a window display priority designation circuit 
which includes a plurality of priority setting regis- 
10 ters for setting, display priority of each window and 
judges the window having higher priority among 
those windows which are judged as containing the 
display position described above on the basis of 
the content of the priority setting registers and the 

75 result of judgement of the window management 
circuits. As to the output of the display address 
corresponding to the window which is judged as 
having higher priority, address calculation is made 
for each of the windows which are judged as hav- 

20 ing the display position on the basis of result of 
judgement of the window management circuits, and 
only the result of judgement among the results of 
judgement which is judged has having higher prior- 
ity by the window display priority designation cir- 

25 cuit is selectively outputted to a frame buffer. Fur- 
thermore, calculation of the display address cor- 
responding to the window which is judged as hav- 
ing higher priority by the window display priority 
designation circuit is executed selectively and the 

30 address as the result of calculation can be sup- 
plied, too, to the frame buffer. 

According to the means described above, the 
change of the display position and size of the 
window and the change of the display priority se- 

35 quence at an overlap portion can be made by 
merely changing the set content of the area setting 
register and the priority setting registers, so that 
freedom of the display surface can be increased 
and multi-window control can be made at a higher 

40 speed. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. I is a block diagram of a display control 
apparatus in accordance with one embodiment of 
the present invention; 

Fig. 2 is a block diagram showing an exam- 
pie of a window display priority designation circuit 

Fig. 3 is a timing chart useful for explaining 
the operation of multi-window display control in the 
display control apparatus shown in Fig. I; 

Figs. 4A and 4B show examples of the de- 
coder, the control signal/status signal generation 
logic that are shown in Fig. 2; and 



It is therefore an object of the present invention 
to provide a multi-window control technique having 45 
high freedom of display picture and moreover ca- 
pable of high speed display. 

The above and other objects and novel fea- 
tures of the present invention will become more 
apparent from the following description to be taken 50 
in conjunction with the accompanying drawings. 

The following will illustrate a typical example of 
the invention disclosed herein. 
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Fig. 5 shows one example of the address 
arithmetic unit shown in Rg. I. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

In the display control apparatus shown in Fig. I, 
n window management circuits WNDi ~ WND are 
disposed on the display surface in order to display 
and control n windows, though not particularly limi- 
tative. Each window management circuit WNDi - 
WND n is equipped with a start address register for 
designating the start position on the picture surface 
in a horizontal direction, an end address register for 
designating the end position in the horizontal direc- 
tion, a start address register for designating the 
start position in a vertical direction, an end address 
register for designating the end position in the 
vertical direction and an address comparison com- 
parator for sequentially discriminating whether or 
not the display position on the display surface is 
contained in the window display area designated 
by the respective register, in order to set arbitrarily 
the window display area on the display surface. 

Signals from a horizontal counter 10 represent- 
ing the display position in the horizontal direction 
on the picture surface and a vertical counter 12 for 
representing the display position in the vertical 
direction are applied to each window management 
circuit WNDi - WND„. The comparator of each 
window management circuit compares the value of 
the address register with the count value supplied 
and when the display position falls within the win- 
dow of its own and when the display position 
comes out from the window of its own, it outputs 
coincidence detection signals, respectively. 

The detection signal outputted from each win- 
dow management circuit WNDi ~ WND„ is sup- 
plied to a window display priority designation cir- 
cuit 14 for judging the priority of which window is 
the highest when a plurality of windows overlap, 
that is, for judging the display data of which win- 
dow is to be displayed. Upon receiving the detec- 
tion signal for display start from each window man- 
agement circuit WNDi - WND n , each window man- 
agement circuit WNDi ~ WND n outputs a calcula- 
tion start signal STi to an address arithmetic unit 
WALi (i ■ I, 2, n) corresponding to the window. 
A priority designation register for setting the priority 
of each window is disposed inside the window 
display priority designation circuit 14, and window 
control is carried out in accordance with the priority 
that is set in advance to this register by CPU. 

In other words, even when the display start 
signals are applied simultaneously from a plurality 
of window management circuits, the window dis- 
play priority designation circuit 14 outputs a control 



signal Ci such that it opens the output gate Gi of 
the address arithmetic unit WALi corresponding to 
the window having the highest priority among these 
windows. Then, the address that is outputted onto 
s an internal bus BUS through the output gate Gi 
thus opened is outputted outside as the display 
address for making read access to the data of a 
predetermined window through an I/O interface cir- 
cuit INTi, and is supplied to a frame buffer (not 
70 shown), or the like. 

Though not particularly limitative, it is possible 
in this embodiment to output outside a signal re- 
presenting the level of priority generated by the 
window display priority designation circuit 14 and a 

15 window number representing to which window the 
display address which is being outputted belongs, 
together with the display address described above. 
Accordingly, the multi-window control system in- 
cluding a plurality of display control apparatuses 

20 can easily control and let an externa! circuit (now 
shown) adopt the output of which display control 
apparatuses, on the basis of the priority level out- 
putted from each display control apparatus and the 
window number. 

25 The following methods may be used as a 

method of setting priority by the priority register in 
the window display priority designation circuit 14. 
The first method prepares in advance the same 
number of reigsters as the number (n) of the win- 
so dows, putting in advance the priority sequence to 
these registers and setting the window number into 
each register so as to provide each window with 
priority. The second method disposes registers 
each of which corresponds to each window on the 

35 I:! basis and sets a code representing the priority 
level to each register. Each priority register is con- 
structed such that CPU sets in advance the window 
number of the priority level through an I/O Interface 
circuit INT 2 on the CPU side thereto. Incidentally, 

40 CPU sets the display area of the window in each 
window management circuit WNDi - WND„ and 
the display start address and the calculation con- 
stants such as the memory width in each address 
arithmetic unit WALi - WAL„ through the I/O 

45 interface circuit INT2. 

Fig. 2 shows an example of the construction of 
the window display priority designation circuit 14 
employing the system which sets the window num- 
ber to the registers to which the priority sequence 

so is applied among the priority setting systems de- 
scribed above. 

In Rg. 2, symbols PRGi - PRG„ represents 
the priority registers to which the priority sequence 
is given. The window number is set in turn from the 

55 window having the highest priority into each priority 
register PRG1 - PRG„. The window number in each 
priority register PRG1 - PRG„is decoded by the 
corresponding decoder DECi ~ DEC„ so that 
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among the output signals of each decoder, only 
one signal corresponding to the window number is 
raised to the high level. The output signal of each 
decoder DECi - DEC„ is used as the control 
signal/input to the status signal generation logic 16. 

On the other hand, a flag FGi - FG n consisting 
of a flip-flop is disposed in the window display 
priority designation circuit 14 in such a manner as 
to correspond to each window, and is set and reset 
by the display start signal and display end signal 
from each window management circuit WNDi - 
WND„. When the output of each flag is turned to 
the low level corresponding to the logic n 0" by the 
display start signal for the corresponding window, 
each flag keeps this low level until the display end 
signal is applied thereto. The output signals of 
these flags FGi ~ FG n are supplied as the calcula- 
tion start signals STi - ST n to the window address 
arithmetic units WALi - WAL n . though not limita- 
tive in particular, and while the calculation start 
signal remains at the low level, calculation of the 
display address of the corresponding window is 
continued. Where a plurality of windows overlap 
with one another, calculation of the predetermined 
display address is executed for each of these win- 
dows. 

in the embodiment described above, the output 
of each flag FGi - FG„ is supplied to the control 
signal/ status signal generation logic 16 together 
with the output of each decoder DECi ~ DEC n and 
used to determine which address is to be outputted 
as the display address among the addresses that 
are calculated by the address arithmetic units 
WALi - WAU. In other words, the window which is 
being calculated is determined from the output of 
the flag FGi - FG2, the window number having the 
highest priority level is determined from among the 
information of the priority registers PRG1 - PRG n 
and the control signal CI which opens the output 
gate Gi of the corresponding arithmetic unit is 
outputted. Moreover, the number of the window to 
which the outputted display address belongs is 
selectively outputted and the priority level of the 
window is outputted, too, on the basis of the de- 
coder output 

Fig. 3 shows the output state of various control 
signals and display addresses at the overlap por- 
tion when three windows t, m and n are prepared 
and set to the priority registers having the priority 
levels n 3", "2" and "5", respectively, by ways of 
example (with the proviso that the greater number 
represents higher priority). 

The flag corresponding to each window is set 
and reset by the output of the comparator inside 
each window management circuit WND1 ~ WND n . 
While the flag is set and its output signal is at the 
low level, calculation of the display address is 
continued in the corresponding address arithmetic 



unit When calculation is made simultaneously in a 
plurality of arithmetic units, that is, when a plurality 
of windows overlap with one another, the address- 
es corresponding to the windows having the higher 
5 priority level (in the sequence n > l > m in the 
embodiment) are selected and outputted as the 
display address. 

Next, an example of a circuit construction in- 
cluding the decoder DECi - DEC n and the status 

10 signal generation logic 16 will be explained with 
reference to Figs. 4(A) and 4(B). 

Though not particularly limitative, the circuits 
shown in Figs. 4(A) and 4(B) are applied to a 
system which display-controls maximum four win- 

15 dows on the display surface and consist of a ran- 
dom logic circuit In the description based upon 
Figs. 4(A) and 4(B), 3-bit data BWDo - BWD2 
supplied from CPU designate the window number, 
though this is not particularly (imitative. In other 

20 words, when BWDo, BWDi and BWD2 are n r, m 0" 
and "0\ the state means designation of the win- 
dow 1 and when they are "0", T and "0", the state 
means designation of the window 2. Furthermore, 
when they are "P, "1" and "0", the state means 

25 designation of the window 3 and when they are 
"0", "0" and T, the state means designation of 
the window 4. The combinations of the bits other 
than those described above mean that the window 
display is not effected. These 3-bit data BWDo, 

30 BWD1 and BWD2 have the combinations of codes 
corresponding to the window number and are set 
to the four priority registers PRG1 to PRG* respec- 
tively. Here, the priority sequence is provided to 
these registers PRG1 to PRG* in advance in the 

35 same way as in the aforementioned case, and the 
priority becomes higher progressively from PRG1 
to PRGa. Hereinafter, the priority levels provided to 
these priority registers PRGi to PRG^ will be called 
the "priority levels I, 2, 3 and 4", respectively. 

40 In Fig. 4(A), reference numeral 18 represents a 

decoder unit which obtains the relation between the 
window for which address calculation is made and 
the priority level of that window the basis of the set 
data of the four priority registers PRG1 - PRG* and 

45 the calculation start signals STi - STi described 
above. 

In tills decoder unit 18. the upper half cor- 
responding to the priority registers PRG3 and PRG4 
have the construction to decode the window num- 

50 bers set as the priority level 3 or 4 and to decode 
also the window number among the window num- 
bers for which address calculation has already 
been started. The decoded output signals in this 
upper half construction are eight kinds, i.e. P3W1, 

55 P4W1, P3W2, P4W2, P 3 W 3 , P4W3, P 3 W* and P<W*. 
When these decoded output signals P m W n (m = 
3, 4; n = I, 2, 3, 4) are at the high level, the 
window n is set as the priority level m and the start 
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of address calculation for this window n is des- 
ignated, though not particularly limitative. Such a 
decoding logic consists, though not particularly 
limitative, of a clocked inverter array 20 for output- 
ting the set data of the priority registers PRG* and 
PRGu for each bit at fixed timing, an inverter array 
22 for converting the bit data supplied from the 
clocked invertor array 20 to data of complementary 
levels, an NAND gate array 24 which receives as 
its four inputs the predetermined three data among 
the outputs of the invertor array 22 and one pre- 
determined signal among the inversion level sig- 
nals of the calculation start signals STi to ST*, and 
a clocked inverter array 26 for supplying the output 
of the NAND gate array 24 to the next stage at a 
predetermined timing. For example, the inversion 
level signal of the calculation start signal STi cor- 
responding to the window I, the signal having the 
same level as the bit BWDo set to the respective 
priority register PRGs, the inversion level signal of 
the bit BWDi and the inversion level signal of the 
bit BWD2 are applied, for example, to the NAND 
gate circuit 28 generating the decoded output sig- 
nal P3W1. Therefore, when all the four input signals 
applied to the NAND gate circuit 28 are at the high 
level, that is, when the window I is set to the 
priority register PRG3 (BWDo = I, BWDt = 0, 
BWD2 = 0) and the calculation start signal is given 
to the window I (STi « 0). the output signal of the 
NAND circuit 28 is at the low level and the de- 
coded output signal P3W1 is at the high level as the 
active level. 

The lower half of the decoding unit 18 cor- 
responding to the priority registers PRG1 and PRG2 
has the construction in order to decode the window 
numbers set as the priority level I or 2 and further 
to decode the window number among the window 
numbers for which the start of address calculation 
is designated. The lower half has the same logic 
construction as that of the upper half and generates 
the eight kinds of decoded output signals, i.e., 
PiW,. P 2 Wi, P1W2. P 2 W 2 , P1W3. P2W3, P1W4 and 
P2W4. When these decoded output signals PmWn 
(m « I, 2, n ■ I, 2, 3. 4) are at the high level, the 
window n as the priority level m is set and the start 
of address calculation for that window n is in- 
structed. Such a decoding logic consists of a cloc- 
ked inverter array 20 for outputting the set data of 
the priority registers PRGi and PRG2 for each bit at 
a predetermined timing, an inverter array 30 for^ 
converting the bit data supplied from the clocked 
inverter array 20 to data of complementary levels, 
a NAND gate array 32 including eight NAND gate 
circuits which receive as its four input the predeter- 
mined three data of the outputs of the inverter 
array 30 and one predetermined inversion level 
signal among the inversion level signals of the 



calculation start signals STi to ST* described above 
and a clocked inverter array 34 for supplying the 
output of the NAND gate array 32 to the next stage 
at a predetermined timing. 
5 In Fig. 4<B). reference numeral 36 represents a 

logic unit for generating a priority level instruction 
signal corresponding to the priority level of the 
window to be displayed on the basis of the sixteen 
kinds of the decoded output signals PaWi, P4W1, 

io P3W2 P4W2, P3W3, P4W3. P3W*, P4W4, P1W1. P 2 Wi. 
P1W2. P2W2. P1W3, P2W3. P1W4 and P2W4. 

In this logic unit 36. the NOR gate circuit 38 
receives the decoded output signals P4W1, P4W2, 
P4W3 and P4W4 described above as its four inputs 

15 and outputs a low level signal when any of these 
input signals is at the high level. In other words, 
when the priority level 4 is set to any of the 
windows for which address calculation is to be 
made, the NOR gate circuit 38 outputs the low 

20 level signal. Furthermore, the NOR gate circuit 40 
receives the decoded output signals P3W1. P 3 W 2 , 
P3W3 and P3W4 as its four inputs and outputs a low 
level signal when any of these four input signals is 
at the high level. In other words, this circuit outputs 

25 the low level signal when the priority level 3 is set 
to any of the windows for which address calculation 
is to be made. 

The inverter 42 outputs the inversion level sig- 
nal of the output signal of the NOR gate circuit 38 

30 as the priority level designation signal PR*. When 
the priority level designation signal PR4 is at the 
high level, it means that the window to be dis- 
played has the priority level 4. The NOR gate 
circuit 44 receives the inversion level signal of the 

as output signal of the NOR gate circuit 38 described 
above and the normal level signal of the output 
signal of the NOR gate circuit 40 as its two inputs 
and the inverter 46 outputs the normal level signal 
of the output signal of the NOR gate circuit 44 as 

40 the priority level designation signal PR3. When the 
priority level designation signal PR3 is at the high 
level, it means that the window to be displayed has 
the priority level 3. The condition that the output of 
the NOR gate 44 turns to the high level is that the 

45 output of the NOR gate circuit 38 is at the high 
level and the output of the NOR gate circuit 40 is 
at the low level. In other words, start of calculation 
is instructed for any of the windows which are set 
as the priority level 3 and start of calculation is not 

50 instructed for any of the windows set as the priority 
level 4. Therefore, when start of calculation is in- 
structed for any of the windows set as the priority 
level 3 and start of calculation is also instructed for 
any of the windows set as the priority level 4. the 

55 priority level designation signal PFU is turned to the 
high level only for the priority level 4 having higher 
priority and the priority level designation signal PR3 
is turned to the low level. 
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In the logic unit 36 described above, the NAND 
gate circuit 48, which receives as its two input the 
normal level signal of the output of the NOR gate 
circuit 38 and the normal level signal of the NOR 
gate circuit 40 t instructs to select the priority level 
3 or the priority level 4 in accordance with the high 
level output 

In the logic unit 36, the NOR gate circuit 50 
receives as its four input the decoded output sig- 
nals P2W1, P 2 W 2l P2W3 and P2W4 and outputs the 
low level when any of these input signals is at the 
high level. In other words, this circuit outputs the 
low level signal when the priority level 2 is set to 
any of the windows for which address calculation is 
to be made. The NOR gate circuit 52 receives as 
its four inputs the decoded output signals P1W1, 
P1W2. P1W3, and P1W4 and outputs the low level 
signal when any of these input signals is at the 
high level. In other words, this circuit outputs the 
low level signal when the priority level I is set to 
any of the windows for which address calculation is 
to be made. The NOR gate circuit 54 receives as 
its two input the output signal of the NAND gate 
circuit 48 and the normal level signal of the output 
signal of the NOR gate circuit 50, and the inverter 
56 outputs the normal level signal of the output 
signal of the NOR gate circuit 54 as the priority 
level designation signal PR2. When the priority level 
designation signal PR2 is at the high level, it means 
that the window to be displayed has the priority 
level 2. 

The NOR gate circuit 58 receives as its three 
inputs the inversion level signal of the output signal 
of the NOR gate circuit 50, the normal level signal 
of the output signal of the NOR gate 52 and the 
output signal of the NAND gate circuit 48. and the 
inverter 50 outputs the normal level signal of the 
output signal of the NOR gate circuit 58 as the 
priority level designation signal PRi. When this 
priority level designation signal PR1 is at the high 
level, it means that the window to be displayed has 
the priority level I. The condition that the output of 
the NOR gate 54 turns to the high level Is that the 
output of . the NAND gate circuit 48 is at the low 
level and the output of the NOR gate circuit 50 is 
at the low level. In other words, start of calculation 
is instructed for any of the windows which are set 
as the priority level 2 and is not instructed for any 
of the windows haying the priority level 4 or 3. 
Therefore, only in such a case, the priority level 
designation signal PR 2 having lower priority than 
the priority level 3 or 4 is turned to the high level. 

On the other hand, the condition that the output 
of the NOR gate circuit 58 turns to the high level is 
that the output of the NAND gate circuit 48 is at the 
low level, the output of the NOR gate circuit 50 is 
at the high level and the output of the NOR gate 
circuit 52 is at the low level. In other words, the 



condition means that under the state where start of 
calculation is not instructed for any of the windows 
of the priority level 4 or 3. start of calculation is 
instructed for any of the windows set as the priority 
5 level I and start of calculation is not instructed for 
any of the windows having the priority level 2. 
Therefore, the priority level designation signal PR1 
as to the priority level I is turned to the high level 
only when start of calculation is instructed for only 

to any of the windows set as the priority level I having 
the lowest priority. 

Though not particularly limitative, the priority 
level designation signals PRi. PR2, PR3 and PRi are 
converted and outputted to the three-bit priority 

15 level data PRN& PRN1. PRN 2 through the decoding 
unit 62 shown in Fig. 4{B). Here, in accordance 
with the logic of the decoding unit 62. the state 
where PRN 0 , PRN, and PRN2 are "I", "J" and "0" 
means the priority level 4, when they are n 0". "0" 

20 and w r. it means the priority level 3 and when they 
are "I", "0" and "I", it means the priority level 2. 
When they are w 0", "P and "P, it means the 
priority level I. 

In Fig. 4(B), reference numeral 64 represents a 

25 decoding unit which generates address output gate 
control signals C1 - C 4 on the basis of the output 
signal of the decoding unit 18 described above and 
the output signal of the logic unit 36. This decoding 
unit 64 makes output control of the display address 

30 corresponding to the window having the highest 
priority among the windows for which start of cal- 
culation of the window address is instructed. 

This decoding unit 64 includes an AND gate 
array 66 consisting of eight two-input type AND 

35 gate circuits and a NOR gate array 76 consisting of 
NOR gate circuits 68. 70, 72, 74 receiving sequen- 
tially as their two-inputs the output signals of the 
AND gate circuits contained in the AND gate array 
66. The decoded output signals P3W1, P4W1, P3W2. 

40 PaW 2 , P3W3, P*W 3 , P3W1 and PiWi are supplied to 
one of the input terminals of each AND gate circuit 
contained in the AND gate array 66, and the prior- 
ity level designation signals PR3 and PR* are sup- 
plied to the other input terminal. Therefore, the 

45 NOR gate circuit 68 is at the low level when the 
window I which is set as the priority level 3 or 4 
among the windows for which start of window ad- 
dress calculation is instructed has the highest prior- 
ity level, and the NOR gate circuit 70 is at the low 

50 level when the window 2 which is set as the priority 
level 3 or 4 among the windows for which start of 
window address calculation is instructed has the 
highest priority level. The NOR gate circuit 72 is at 
the low level when the window 3 set as the priority 

55 level 3 or 4 among the windows for which start of 
window address calculation is instructed has the 
highest priority level and the NOR gate 74 is at the 
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low level when the window 4 set as the priority 
level 3 or 4 among the windows for which start of 
window address calculation is instructed has the 
highest priority level. 

Similarly, the decoding unit 64 described 
above includes an AND gate array 78 consisting of 
eight two-input type AND gate circuits and a NOR 
gate array 88 consisting of NOR gate circuits 80, 
82, 84 and 86 receiving sequentially at their two- 
inputs the output signals of the AND gate circuits 
contained in the AND gate array 78. The decoded 
output signals PiWi. P2W1, P1W2. P2W2. P1W3, P 2 W3, 
P1W4 and P2W4 are supplied to one of the input 
terminals of the AND gate circuits contained in the 
AND gate array 78 and the priority level designa- 
tion signals PR1 and PR2 are supplied to the other 
input terminals. Therefore, the NOR gate circuit 80 
is at the low level when the window I set as the 
priority level I or 2 among the windows for which 
start of window address calculation is instructed 
has the highest priority level and the NOR gate 
circuit 82 is at the low level when the window 2 set 
as the priority level I or 2 among the windows for 
which start of window address calculation is in- 
structed has the highest priority level. The NOR 
gate circuit 84 is at the low level when the window 
3 set as the priority level I or 2 among the windows 
for which start of window address calculation is 
instructed has the highest priority level, and the 
NOR gate circuit 86 is at the low level when the 
window 4 set as the priority level I or 2 among the 
windows for which start of window address calcula- 
tion is instructed has the highest priority level. 

In the decoding unit 64 described above, the 
NAND gate circuit 90 generates an address output 
gate control signal Ci for the window I by receiving 
as its two-input the outputs of the NOR gate cir- 
cuits 68 and 80 described above, and the NAND 
gate circuit 92 generates the address output gate 
control signal C2 for the window 2 by receiving as 
its two-input the outputs of the NOR gate circuits 
70 and 82. The NAND gate circuit 92 generates the 
address output gate control signal C2 for the win- 
dow 2 by receiving as its two-input the outputs of 
the NOR gate circuits 70 and 82 and the NAND 
gate circuit 94 generates the address output gate 
control signal C3 by receiving as its two-input the 
outputs of the NOR gate circuits 72 and 84 and the 
NAND gate circuit 96 generates the address output 
gate control signal Ci for the window 4 by receiving 
as its two-input the outputs of the NOR gate cir- 
cuits 74 and 86. 

Here, setting of a plurality of window numbers 
to the priority registers PRG1 - PRGu is not permit- 
ted and the priority level designation signals PR1, 
PR2r PR3 and PR* generated in the logic unit 36 are 
not set to the high level simultaneously. Therefore, 
among the outputs of the NOR gate circuits 68. 70, 



72, 74. 80. 82, 84 and 86 described above, only 
one of them is always controlled to be at the low 
level in connection with the priority level even when 
start of address calculation is instructed simulta- 
5 neously for a plurality of windows, so that only the 
address output gate control signal of the window 
corresponding to the low level output is controlled 
to be at the active level such as the high level and 
outputs the display address for that window. 

10 In Fig. 4{B). reference numeral 98 represents a 

decoding unit which generates the 3-bit data BWDo, 
BWD1 and BWD2 described above corresponding 
to the window number of the display address on 
the output of the NAND gate circuits 90, 92. 94 and 

75 96. In accordance with the logic of this decoding 
unit 98. the state where the address output gate 
control signaJ C1 corresponding to the window I is 
at the high level, it means the data BWDo, BWD1 
and BWD2 are "I". "0" and W 0 W representing the 

20 window I and when the address output gate control 
signal C2 corresponding to the window 2 is at the 
high level, the data BWDo, BWDi and BWD2 are 
"0". "I" and m 0 n representing the window 2. When 
the address output gate control signal C3 corre- 

25 sponding to the window 3 is at the high level, the 
data BWDo , BWD1 and BWD2 are T, "I" and "0" 
representing the window 3 and when the address 
output gate control signal Ci corresponding to the 
window 4 is at the high level, the data BWDo. BWD1 

30 and BWD2 are "0". "0" and "I" representing the 
window 4. When all the address output gate control 
signals C1 to Ci are at the low level, the data BWDo, 
BWD1 and BWD2 are n 0 m , "0" and "O" not repre- 
senting the window display. 

35 In the constructions shown in Figs. 4(A) and 4- 

(B), various clocked inverter arrays 20, 26, 34, 122, 
124, 126, 126, 130 and 132 are disposed in order to 
define the output timings of the address output 
gate control signals, the window numbers and the 

40 priority levels in connection with the next stage and 
to prevent racing due to the delay of the gate 
circuits. These clocked inverter arrays are con- 
trolled^ by clock signals CLKI, CLK2 and 
CLKI • cCkX that overlap with one 

46 another and though not particularly limitative, the 
change of each clock signal from the low level to 
the high level is used as the output timing. In other 
words, when the clock signal CLK2 changes to the 
high level, the window number data set in each 

so priority register PRGI - PRG4 is outputted through 
the clocked inverter array 20 and at the same time, 
the calculation start designation signal STI - ST4 is 
outputted, too. Then, sixteen kinds of the decoded 
output signals P3W1, P 4 Wi. P3W2, PiW 2 , P3W3. P1W3, 

55 P 3 Wi, PiWi, P1W1. P2W1. P1W2, P2W2. P1W3, P2W3. 
PiWi and P2Wi are outputted from the inverter 
arrays 26 and 34 in response to the change of the 
clock signal CLKI to the high level. The signal is 
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outputted from -the inverter array I22 in response to 
the change of the dock signal CLK 2 to the high 
level and then the signals are outputted from the 
clocked inverter arrays I24, I26, I28 and I30 in 
response to the change of the clock signal 

CLK l to the high level. Furthermore, the 
next window number data and the calculation start 
signals STi to ST* are taken into in response to the 
change of the clock signal CLK1 to the high 
level and the address output gate control signal, 
the window number data and the priority level data 
are outputted from the clocked inverter array I32 on 
the basis of the signals that are taken into in 
response to the change of the clock signal 

CLKZ. of one previous cycle to the high 
level. 

Next, in the construction shown in Rgs. 4(A) 
and 4(B), the operation when a plurality of windows 
overlap wilt be described. For example* under the 
state where the priority level I is set to the window 
3, the priority level 2 is set to the window 4, the 
priority level 3 is set to the window I and the 
priority level 4 is set to the window 2, if the 
windows I, 3 and 4 overlap with one another, three 
address calculation start signals STi, ST3 and STi 
are all at the low level. Then, the decoded output 
signals P3WL P1W3 and P 2 W« are at the high level 
and the output signals of the three NOR gate 
circuits 40. 50 and 52 are controlled to the low 
level. At this time, the logic unit 36 described 
above controls only the priority level designation 
signal PR3 having the highest priority among the 
priority set to the three windows I. 3 and 4 to the 
high level and outputs it so that the decoding unit 
62 described above outputs the 3-bit data PRNo, 
PRN1 and PRN2 through the combination of the 
levels corresponding to the priority level 3. On the 
other- hand; in the decoding unit 64 to which the 
high-level priority level designation signal PR3 is 
supplied from the logic unit 36, the output of only 
one-; NOR gate circuit 68 among the NOR gate 
circuits contained in the NOR gate arrays 76 and 
88 is controlled to the low level, so that the address 
output gate control signal C1 instructing the output 
of the display address corresponding to the window 
I, to which the highest priority is set among the 
three windows I, 3 and 4 having mutually overlap 
portions, is controlled to the high level. At this time, 
the decoding unit 98 outputs the 3-bit window 
number data BWDo. BWD1 and BWD2 through the 
combination of levels corresponding to the window 
number I of the display address. 

Next, an example of the circuit construction 
containing the address arithmetic units WAL1 ~ 
WAL„ and output gates Gi - G„ described above 
will be explained with reference to Fig. 5. 



The circuit construction shown in Fig. 5 cor- 
responds to the constructions shown in Rgs. 4(A) 
and 4{B) and is applied to a system which displays 
and controls maximum four windows on a display 
5 surface. Though the address arithmetic units WAL1 
- WAU are shown as different functional blocks in 
Fig. I, the construction using one arithmetic unit I00 
is shown in Fig. 5. 

In Fig. 5. there are shown disposed a start 

to address register SAI which stores the address data 
corresponding to the start display address of the 
window I as the display address arithmetic register 
for the window I, a temporary start address register 
TSAI for storing the start display address in the 

75 present raster of the window I. a temporary address 
register TAI for storing the present display address 
of the window I. a memory width register MWI for 
storing the address number in the horizontal direc- 
tion in the logic address space of the window I and 

20 an address increment register PA! for storing the 
address increment number in the horizontal direc- 
tion for all the windows. The address increment 
register PAI is common to all the windows, and 
these start address register, temporary start ad- 

25 dress register, temporary address register and 
memory width register are disposed for the other 
windows 2 to 4. 

The data supplied from CPU through the I/O 
interface circuit INT 2 are set initially to the start 

30 address registers SARI the memory width reg- 
isters MWI, ... and the address increment register 
PAL The content of the other temporary start ad- 
dress registers TSAI, ... and the temporary address 
registers TAI, ... is updated sequentially in accor- 

35 dance with the result of calculation by the 
arithmetic unit I00. 

The output terminals of the start address regis- 
ter SAI. temporary start address register TSAI and 
temporary address register TAI are coupled to one 

40 of the input terminals of the arithmetic unit I00 
through the gates I02, 104 and I06, and the output 
terminals of the memory width register MWI and 
address increment register PAI are connected to 
the other input terminal of the arithmetic unit I00 

45 through the gates I08 and IIO. The output terminal 
of the arithmetic unit I00 is coupled to the destina- 
tion latch circuits DL4, DL3, DL2, DU which shift 
and latch the input data, and to the input terminals 
of the temporary start address register TSAI and 

50 temporary address register TAI through the gates 
II2 and H4. Each display address calculation regis- 
ter for the window 2-4 has the same relation of 
connection as described above. Incidentally, refer- 
ence numeral II6 represents the gate for the mem- 

55 ory width register MW4 for the window 4. 
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In Fig. 5, reference numeral II8 represents a 
logic for the address calculation control of the~ 
window I. This logic generates the control signals 
for open/close control of the gates I02, I04, 106. I08, 
HO, II2, II4 at predetermined timings by the calcula- 5 
tion start designation signal STI described above. 
Similar address calculation control logic arrays are 
disposed for the windows 2 to 4, too. Incidentally, 
reference numeral I20 in Rg. 5 presents the ad- 
dress calculation control logic array for the window io 
4. 

Here, the calculation sequence of the display 
address will be explained. The display address for 
the window I is calculated, for example, in the 
following way. When the start of calculation of the 15 
display address is instructed to the address cal- 
culation control logic array 118 by the calculation 
designation signal STi, the gate I02 is first opened 
and the leading address data of the window I 
stored in the start address register SA1 is used as 20 
the display address through the arithmetic unit I00 
which is under the non-operation state. At this time, 
the leading address data outputted through the 
arithmetic unit I00 is stored in the temporary start 
address register TSAI and the temporary address 25 
register TAI through the gates II2 and II4 that are 
controlled to the ON state. At the next calculation 
timing, the stored data of the temporary address 
register TAI and the print address increment regis- 
ter PAl are added by the arithmetic unit I00 and is 30 
used as the display address. The result of calcula- 
tion at this time is stored in the temporary address 
register TAI. 

Such a calculation sequence is continued so 
long as the display position is at the same raster in 35 
the window I. Next, when the horizontal position is 
changed to the next raster, the address data stored 
in the temporary start address register YSAI and 
the stored data of the memory width register MWI 
are added by the arithmetic unit I00 and the addi- 40 
tion result data is used as the leading display 
address of the raster. This address data is stored 
in the temporary start address register TSAI and 
the temporary address register TAI through the 
gates H2 and II4 that are controlled to the ON state. 45 
At the next timing, the stored data of the temporary 
address register TAI and the stored data of the 
address increment register PAl are added by the 
arithmetic unit I00 and is used as the next display 
address. This display address data is stored in the so 
temporary address register TAI. Thereafter, each 
display address of the window I is sequentially 
calculated in the same way as described above. 
Such a calculation sequence is continued so long 
as the display position is in the same raster in the 55 
window I. Next, when the horizontal display position 
is changed to the next raster, the address data 
stored in the temporary start address register TSAI 



and the stored data of the memory width register 
MWI are added by the arithmetic unit I00 and the 
addition result data is used as the leading display 
address in that raster. This address data is stored 
in the temporary start address register TSAI and 
the temporary address register TAI through the 
gates II2 and Ii4 that are controlled to the ON state. 

At the next display timing, the stored data of 
the temporary address register TAI and the stored 
data of the address increment register PAl are 
added by the arithmetic unit I00 and the addition 
result data is used as the next display address. 
This display address data is stored in the tem- 
porary address register TAI. Thereafter, each dis- 
play address of the window I is sequentially cal- 
culated in the same way as described above. 

Though not particularly limitative, the construc- 
tion shown in Rg. 5 can calculate sequentially and 
time-divisionally the display addresses of from win- 
dow I to window 4 in one memory cycle of a frame 
buffer, not shown. Therefore, the output data of the 
arithmetic unit I00 is sequentially shifted in one 
memory cycle and latched from the destination 
latch circuit DU to DL4. At this time, the display 
address is latched by the destination latch circuit 
corresponding to the window for which calculation 
of the display address is instructed by the calcula- 
tion start designation signal ST1 - STi. In other 
words, the display addresses for maximum four 
windows are latched every one memory cycle. 

The address data latched by the destination 
latch circuit DU - DL4 every one memory cycle is 
supplied to the memory address buffer 120 through 
one of the output gates Q1 to G< that are controlled 
on the basis of the address output gate control 
signals Ci to Ci and the address data is outputted 
as the display address to the frame buffer not 
shown. 

The present invention described above pro- 
vides the following effects. 

(I) The present invention disposes the win- 
dow management circuits having the registers for 
setting the display start position and end position 
on the display surface and the address compara- 
tors in the same number as the number of windows 
that are to be controlled under their own manage- 
ment and the address calculation circuits in order 
to make it possible to make address calculation for 
each window. The present invention includes also 
the window control circuit (window display priority 
designation circuit) including the register for setting 
the priority of each window, judging the priority on 
the basis of the content of this register and gen- 
erating the control signal for outputting the address 
corresponding to the window having the highest 
priority among the addresses that are calculated by 
the address calculation circuit. Therefore, the 
present invention provides the effect that the dis- 
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play position of the window, its size and display 
content and the display priority sequence at the 
overlap portion can be changed arbitrarily by mere- 
ly changing the set content of the register. 

(2) When multi-window display control is 
made, the present invention does not need the 
processing of transferring the data of each window 
area by the bit block transfer system and rewriting 
the base picture area, but can supply directly the 
address of a predetermined window data to the 
frame buffer in accordance with the display priority 
sequence set in advance programmably. 

(3) Due to the effects described above, the 
present invention can improve freedom of the dis- 
play surface and moreover can make multi-window 
control at a higher speed. 

Though the present invention has thus been 
described definitely with reference to the preferred 
embodiments thereof, it is not particularly limited 
thereto but can. of course be changed or modified 
in various manners without departing from the spirit 
and scope thereof. For example, in the embodi- 
ment given above, only the window display is ex- 
plained without mentioning at ail the display of the 
background, but it is possible to make desired 
window display control by regarding the display 
surface as a whole as one window, giving the 
lowest priority level, to the background to regard it 
as the background surface and displaying the win- 
dow which is smaller than and has higher priority 
than the former on the background surface. 

In place of the priority registers PRGi to PRG n , 
window number registers for setting the display 
priority level in the sequence of the window num- 
ber can be employed. 

In the embodiment given above, the display 
controller can output the priority level and the win- 
dow number but these status signals need not 
always be outputted to the outside. 

In the embodiment given above, further, ad- 
dress calculation is made for each of the windows 
which are judged as containing the display position 
in connection with the output of the display address 
of the window which is judged as having high 
priority when making the multi-window display con- 
trol, and the result of calculation having the highest 
priority is selectively outputted to the frame buffer 
through the output gate. However, it may be possi- 
ble, too, to selectively execute the address calcula- 
tion of the data corresponding to the window which 
is judged as having the highest priority and to 
supply the result of calculation as the display ad- 
dress to the frame buffer. 



Though the description given above deals pri- 
marily with the application cf*the present apparatus 
to the display controller as the field of utilization 
thereof, the present invention is not particularly 
5 limited thereto but can be utilized, too, for a control 
apparatus for reading and writing the data from and 
to a memory in a laser beam printer, for example. 



10 Claims 

1. A display control apparatus comprising: 

priority setting means capable of setting 
programmably display priority to a plurality window 
is display areas on a display area; and 

judgement means for judging said window to 
be displayed, on the basis of priority set by said 
priority setting means. 

2. A display control apparatus according to 
20 claim I. wherein said judgement means includes: 

first judgement means for judging a window 
containing the present display position on said dis- 
play area in the display area thereof; and 

second judgement means for judging a 
25 window having the highest priority among those 
windows which are judged by said first judgement 
means. 

3. A display control apparatus according to 
claim 2, wherein said priority setting means in- 

30 eludes a plurality of priority setting registers- 
(PRGi...PRGn) for setting display priority of each of 
said windows. 

4. A display control apparatus according to 
claim 3, wherein said second judgement means 

35 includes decoding means (DE&...DECn) for decod- 
ing the signal supplied from said priority setting 
register and the signal supplied from said first 
judgement means, and said decoding means 
judges the window having the highest priority 

40 among those windows which are designated by 
said first judgement means. 

5. A display control apparatus according to 
claim 4, which further includes a plurality of area 
setting means capable of setting programmably a 

45 plurality of window display areas on said display 
area. 

6. A display control apparatus according to 
claim 5, wherein said area setting means includes 
registers for setting the display start and end posi- 

so tions of said window on said display area in the 
same number as the number of said windows. 

7. A display control apparatus according to 
claim 6, wherein said first judgement means in- 
cludes counting means for representing the present 

55 display position on said display area and com- 
parision means for comparing the count value of 
said counting means with the set value of said 
register for setting said display start and end posi- 
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tions, and said comparison means outputs a signal 
representing said window containing the present 
display position on said display area. 

8. A display control apparatus comprising: 

calculation means for calculating display 
addresses for a plurality of windows on a display 
area; 

priority setting means capable of setting 
programmably the display priority for a plurality of 
window display areas; and 

control means for selectively outputting the 
display window of said window which is to be 
displayed on the basis of priority set by said prior- 
ity setting means. 

9. A display control apparatus according to 
claim 8, wherein said control means includes 
judgement means for judging said window contain- 
ing the present display position on said display 
area and output control means for outputting and 
controlling the display address corresponding to 
said window having the highest priority among 
those windows which are judged by said judge- 
ment means. 

10. A display control apparatus according to 
claim 9, wherein said judgement means includes a 
signal instructing calculation of the addresses for 
the window which is judged as containing the 
present display position to said calculation means, 
and said control means has a signal for outputting 
the result of calculation by said calculation means 
which corresponds to said window having the high- 
est priority among the results of calculation made 
by said calculation means. 

11. A display control apparatus according to 
claim 10, wherein said priority setting means in- 
cludes a plurality of priority setting registers for 
setting display priority of each window, a plurality 
of said priority setting registers have the sequence 
of display priority, respectively, and identification 
information corresponding to each of said windows 
is set to each of said priority setting registers. 

12. A display control apparatus according to 
claim II, which further includes a plurality of area 
setting means capable of setting programmably a 
plurality of window display areas on said display 
area. 

13. A display control apparatus according to 
claim 12, wherein said area setting means includes 
registers for setting the display start and end posi- 
tions of said window on said display area in the 
same number as the number of said windows. 

14. A display control apparatus according to 
claim 13, wherein said judgement means includes 
counting means for representing the present dis- 
play position on said display area and comparison 
means for comparing the count value of said count- 
ing means with the set value of said register for 
setting the display start and end positions, and said 



comparison means outputs a signal for represent- 
ing said window containing the present display 
position on said display area. 

15. A display control apparatus according to 
5 claim 12, wherein said area setting means and said 
priority setting means receive predetermined data 
from a central processing unit 
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